^*ol?r V 


(Trigonometry) 


fiii(.<p|'‘II^Fo ’'NfS <p<i(.®i ’tt'Qut 'RR)' I Ri(.<pl®f R'lIS 

'^[^fRr I ^^wRrc'o RwMRRc^p 'Trigonometry' C^fsIT i lill^ 
I^CSlWtQ ’^^8Trf ^ 'Trigon' 'Metry' l 'Trigon' tst^ ^ C^«f ^ 
lif?? 'Metry' W i iSn^HRR) <i«i(.'s R)»ilu '^pfRl i 

sltiilstw ISjvgcet^i 'Q t£i^ i£iw^ ^ 

R*i(,ii«i ®ilt«ilHl cstc^ Qiwi|'-|RR>< ^ I (?rsR, ^l?il?r 

^^5^, ^i% f^, c^«fl^ra c^appsr Wk 

tsiC^sH^f^ ^srf^SftflJT 'Q 'SvifstTi I 13 "^t^, ’1R(.'05) R'salwi^ '“fNiTi 

1aic^®tRf^ <u*^Rh '^c?iC 51 ^ RwHRRh 'oiI(.«iIi>»iI #tc®^ 'sriR 
R^ QlC4N(iiFo<l 'OIIWibHl -“im R^l 

liilwHRR (Plane Trigonometry) 'oi»«R (3 ic,<pHRR (Spherical 

Trigonometry) 1 'ail(.«ili>*il 'SJCSU •^»il*q'*i «ll«pw i 

>il C*tC^ l*WfRT - 


► ^^5^ ’It^ I 

► (.5iRiil*i ’iRsfT’t '3 Rfsf ’iRsftt’t^ ’1 I<iHR<p ^ppRs R*R <p«ic,'o I 


► '5t?f& fi£i(.<pHRR)<p RwH I 

► 27r (.<pltH<i RwURRxp R^R <p<ic.'o I 

► -6 Rc^hRRxp ^< 11^ R*# <plie's I 


► n < 4 <*<pld?i RwURRxp R'R's steiff ^^ws 


► Re-q»MRR«p <p<ie's 1 


isui|viR)<^» c<m « cW 


'SfiiRRxf c^ Qn^hiRRxi c^5ti:st?r 'siiwiMK xy 

■>|!'K,<f>lt'-l C^ XOX' ^ YOY' 1 RiM Rm 





^«ci?nr, RiwKiPiI^i) 


i8‘l 

o (?r ^®iw^ stuoj^sf^ ^arsT^^ 

i£|'^ &'S('^’t (Quadrant) i OX C^ C«tC^ ^if^ <ili>l< ^‘'ifl^ «Hwr 

>|4IWli®t^ {ZXOY >I»IWM) 'S|'!>J’to?H4 SW^ b^jj'ohl (First quadrant) <^1^ 
’sp:^ UYOX'), ux'OY') ‘fR^^(zxor') >ivictim 

va|\!}j-\S<l»|sj«^(.<p ^«i|1^csr '8 "5^ ^ ■??[ (Pitot) fM) I 



^ttic^ *)t«i *raT "5^ I fiat<pHPiI^t^ >£i^t^ '^Ttc’tw lii^plo '^'•flti*il*i tiRliti 

'SR’^ltc^r c^'f Rwb-Hl ^ i "sn^f OA ^ <£i^ i^ilS 

*J[^t'o OX tlRUtr t<iPit^ ^[iRr '®1?r (anticlockwise) 

'*3^1 OA ■#ir sfstw OAi zxoAi sm 

■5^?^ ^ ^ ’tiR’sm ox ifiR^ « 1 i^'olt<l OY ^5rn?i zxoy c^tc*R 

90° Rl '^1'^ ^»)C<pH I OA t)f*l|(o ifll^ f^RS ^5il^ RRR OA 2 'oiR'vllw 

^srlCT ^®RR ZXOA 2 <R5t®tf5 I ifl<q>'^'8lw ^ RRR OA Rf% OX iflR 1^ lRRft« 

OX' WRICR RtRs, ^sRiT RsH ZXOX' ifR# >l<®lt<PH RT ^ RRRsR i OA 
■#lf TpsR ^ ^IWR «l<)Hlt»l ^srtRT ^51^ OX lilR RlRf RPl'o RR ^oRR CRI^ 

^RR (R5WR R^RR ^ RRSR^R Rt m RRWM RR 1 

SrJlfRpst^ (RRCRR ^ItRlbHl ^ RRRRRR R^ '^Ifw RlRT RR iRR? -R^R 'SfJlPlPsx^ 'Q 
%^t«lfRlW (RiWR RCRJ C^I^Rt Rt«#J R1^ I rIr RCR RRT RR CR, OA Rp^ 
R^®%R iRRRIR RRIR RR ^5|1R^ ^ (RH R?R OAi '^R’RICR CRR, ^sRr ^'S,RR XOAi 
(RsliRR RfRRTR RR RRRRR ^RRR ^pSRi ifIRR RRR faRRRRfRf^ '5IRQ ^pSR 

(RRR ^RR RC® RtCR I 1%^ ^TSToeT eolpipot'o RR Jl»lt<pltRR C5CR (Rf% RRRT RRt RR RT 1 
OA Rp^ ^ WRR ZXOX (JRTRIRJ SrJlPlPst^ (JRtR RCR R®ll RRT RR RT, 
toT«lPlPst^ ZXOX C^rmRlRRTR^ PRRi 



Sclavs<7 


i8V 

^iwiHiii ^sam OA fkar) ^if^ ^^# 1 ^ 1^*1%© 

OA SHIW (?w %i1C^ RwmI 

(.<p|c»il 5iPlic,<p <>li5lil (anticlockwise) {.<pHc<p *i*iN^ 

(positive) CTW ‘Si'^v C<)‘IWI 5|I*1 |C<p '^iI^ <bTl5l?l (clockwise) ’a[5ilc«i ^■'1^ 

(.^pHc^ (negative) ^ i 

'oii(.®ilMl CStW "^IlTr *)iN<p 90° 

b'J'sit^l 911^ I 'srNI^ 360° '8 450° W ^HwTQ C^sl^lfS b'$'»lt*lt «I1^ I 
C^IM «RtW "SIH 180° « 270° >^1^ W 9|t^ C^e|t& OTT 90° C«ti:^ 180° 

«t1wr ^TT b^g'oHH 270° 'Q 360° 'iI^'5lC*(J ^TlWi 8<'b^§^ 9ltC^ i ^si^’tStR 
i£|^ 9|fctlW -90° C«tC^ 0° <£(ii "sii:*® 9l1^ 8< b'g'oltH, -180 C9tC^ -90° 

<£(^ W Oir b^vsHH, -270° -180° ^ "SIW i.ir 'S -360° C9tC<P -270° 

i^T b's«l(,^t 911^1 180° 'Q 360° Wt<i|Wl 9|PtW XOX' C^ 

>i|^ 90° '8 270° WWIWI RcSrl'b YOY' C^ fbCS) 

W9tK I Z AOAi b^g^lCH, ZAOA 2 ^:Tr ZAO A 3 'STT bv^vsICH 'fll^ 

ZAOA 4 89f W9|1iT ^ I 

i. ^) 430° '8 9f) 545° W9I15T b^'olt^'t I 

■^) 430° = 360° + 70° = 4 X 90° + 70° l 430° C^®f 4 

5 ■^»)c.-q>K I •^'s«ik 430 ° C^‘t 15 ■^ 5 ? 11 ?" 'Sfin (.<pI(.iI 

<iPiiG<p 4 ^[^ 1 <r ’t?r'*il <'8 70 ° ’g^'^G'© ^.g^jg^ (I^cb^^tcsraf^) 1 

430 ° C^KllS ©vg'olG’f ^R’ 9 tH 1 




9t) 545° = 540° + 5° = 6x90° + 5° I 545° C^*# *HlW 6 

R>''g 7 •»1*)G*pl®f ^■'1^ •9J4I'0<1 I 545° G'^wrs ‘?51G'© ’'(1^51 f^5l'© PiG<P 

g<pIg*iI <i1“1ig^ 6 •^^g<pIgH<i gogh 5° ’j^G^i Wifw 'si<1'^Ig*i ^ 

'S||<1'8 ^ •^»)G<pIgHi^ GOGil 5° C<ip| ’g^5IG'© ^GilG^ (^’tc^ «Ig* 1?1 f^) I ^©1^ 545° C<)>Hll5 
'g'olil ©'g'slG^t "^SC^ I 







'STOirv. 


^8^ 


330 °, 535 °, 777 ° 'Q 1045 ° W« 4 | 5 T ^ ^ 

C«T^I 

^) - 520 °'Q'*!) - 750 ° (?^sT^ ^^ 8 ^ ^sili:^ 1 ^«# ^ I 




^) -520° = -450° - 70° = -5 X 90° - 70° l -520° -520° 

^^5^ C^51M ’«rfW 1w 

'SUM (£RS 90° '3^ 70° b^'oicH ^5I1^ 

fM) I -540° C4St®l15 O'g'slt’t I 

^) -750° = -720° - 30° = -8 X 90° - 30° i -750° 

Rc<v '2^<ll5l (8 '^»)C<pl®t) ^ >iR5^ Ptt*^ 'o||4'Q 30° ’Jilt's 

vskl-fl f^) I ■>3[®'fll< -750° C^t®lt5^ Fg<f i>'S'»lt'»t i 


■^: - 100 °, - 365 °, - 720 ° 'Q 1320 ° C^®!^ (R^R «Iti: 5 , 

I 


C^H iil<p<p 


(RitCTt C^tC'R 1%®fel Rf*rR®t^ 21^ ’R# RR^ '^: 

Rs) ’Nf^ (Sexagesimal System) 'S 

’*i) *Nl% (Circular System) 

->i»IC.<M®lt 4 » (Rn«f *Rt R?I I 

ii|R» ^>)wl'-lc<p RSfR 90 £lt^ '»h1c<p (1° = one degree) *Rt 

RRi 

f^fstW RRR 60 RR5 (1' = one minute) RRuo*? 

RRR 60 R5CR 2|f^ 'ol'»1(.<p iSRs (.R(.<P'® (1"= one second) *RT R?f i 










60" (C51C^) = 1' (f^) 

60'd^) = 1° (f^) 

90° (f^)= 1 

^'§1^1 sfhl^i 'StM I 



fkar PQR c^ o, op = r m pq i pq m 

C^ O C® ZPOQ I % t<f^>ilH i ZPOQ 'Si^ 

wf^>ilH I 


^'Il?i *Ni%: ^'11?i ifl'^ (radian) CT^tef ’il^ailc’t^T *i?T i 

>I‘H(.-<P 'SiW 8lcfil'sr«i I 

filRiwI i. (,<)t<p|(.»il ^(.'Qti 'S 'oi^''it® ■>i»<h I 


sfsiM: "SIW sfii^ 'a'ooiiii C^ O i ^'qIu<i P 'Q 

R <il'^ ‘fiSt'o<i ■'iflf^ p 8 ■^Jt3=|T^ r (R(.&«l ffesi) I iXl'«|5T ^'8(i>(.<p n 

(n > 1) «W 1^1^ I C^C®?r ^1W (?rM <P'S)C«1 n 

^fSTt^T \si^ I ^\5?r '*1^^ I wr 

n 3T?'«ti^ <ils,RR'u ■^^5^ 'qtoRiT^ (^JS^ ABCD... 'Q *f<a'o<l 

abed ...). 









AOAB AOab ZAOB ‘^1^ 

ZaOb [^sim C^®l] ^ ^ ^ 


5T?®r?(' (,<pH’J[(,«iI ^tsih I 



AB OA OB R 

f 


ab Oa Ob r 

o- 

l'^b\ 


^'^Jf 

BC R CD R^ „f. 
be r cd r 




AB _BC CD _ _R 
'' ab be cd r 

A.B + BC -\- CD “h... R -\- Ft -\- B , tiR R 2iR . . 
ab-\-be-\- cd-\-... r + r + r + ... nr r 2r 

n ^ ^ (n ->■ oo) ^51^ AB, BC, CD,... 'SIW^ If® 

^c,'a<i '5f^ I 

•>l'®<ik iflo^wi, AB + BC + CD H-PS P i^l'^ 


ab + bc + cd + • ■ • ps 'J<!J'o<i ^(.'g$i p 

:. (1) W ’tl^, 

F _ ^ 
p 2r 

2R 2r 

.*. C<|{.<Pl(.'ll ^ 


£|I^\8s| i 'Q 


'sp©^: C^C^IWl 'Q Wm ^3^ 'Q ^ I ^ ^ 

fst^ ^ TT (^) ^ £l^ Wr ^ I TT £t^ 

(£l1^ ^5#sr (tt = 3.1415926535897932...). 

'Sl^: TO ^ TT wm TO TT = 3.1416 TOTO TOf ^ i 

^Klc<ij TT 'TO ■pp'lfw ^^11^ I TT 

TO TOTO ^ ^ ^ ^sit^ I ^ ’TO' TOf TO*lT 

<p^<u I <plc«r ^5Rj '^Tf ^l<pc«i TO 'i*lR<p ^TOr ^4^ tt ^l^si 



Scp'Oi^ 


3.1416 I 

'o|^Pi'*^l’'s '^, ^(,'351 r RG®1, RC<1 27rr. 

gj^Itef: g|1%5^ i ;£|-^ 'oil(,«il(.<p ^siTsraT ■'Silf^, 

’If^ 

= TT 

'^, = TTX 

= TT X 2r = 2r] 


= 2Trr 

.’. r <ul'*il*f RPt^ (.<)c<plc*il 27rr. 

8|R)'aa| vs, (.4l(.»ll (.<Pttj'«<r C4f®t ^'QdIc.’I?' I 


ABC O '^JW4 OB i P 

ii)«pll» I ■JpC^ BP ^C'Q<l i£R? ZPOB 

i|<pf!5 c<pei'^ C4MI '®l^c.®i, (,<pcf^ ZPOB, BP 
»i>(I^'’'IIFs4 ^c<i I 

ZPOB oc m BP. 

8rt%®r 8, wRsilh C4H liRstS ^ C4H I 



wr O ABC ^ ZPOB >£S^ C4M l i2W*f 4^ 

(?I, ZPOS ^ C4T«f I 

OB C^?C*I? (<«l^lc^) OA ^ I 

sm: 

OA ^ '^us?r a R*^c.vs ■^5^51 

m AB = = - x27rr = — 

4 2 

m PB = r [ZPOB = 1 

g|t%^ \5 C?lC4 ’H^, 

ZPOB _ m PB 

ZAOB ~ m AB 



.-. ZPOB = 


m PB 
m AB 


X ZAOP = :^x >i}4 W4K [OA 05 ^’t? 

y 







i(Ni 


= - I 

TT 

wc^'S '^»)(.<pK '8 TT ZPOB ^ C<^IH I 

"^lir 

^'D^i ’Nf^Us (circular system) ^T^ifk, C<M(.*il 

'sl^ (circular measure) ^ i 

>((.•1 ZMON G<ic<p|(.*il C^5fef ^'11 ?i Gilt'S RW I O R''i(.<P Wtti 

■^5^^ OA = r 'oi'»P»l ^if?r I OM 'Q ON A 'Q B 

R'y^t'o I 'oKw AB 'WI^ C^®f ZAOB i r ^fSiRT 

AP 'Pt’t (Pfl '8 Rw) I 


A M 

®Irc«i, ZAOP = 1 I 

s# m = s I 

glf^ « 

ZMON _mAB_ m AB _s 
ZAOP ~ AP ~ OA ~ r 

.-. ZMON = - X ZAOP 

r 

= - X 1 

r r 

.*. ZMON -, r Rci] 

r 

i2t1%^ (t. r ^ s m 9 

s = r9 I 

^P^-^o, \5 w>no<; #1^, G^ 










i^<R: "sn?? o OB = r m AS = s 

AB ^T^f ^ ZAOB = 0^ I i2W=t ^ OT, s = r0, 

'sp^: bW<^ OB >il^^PTt5T'^<^f%^5Pm'5if%(?I5T^ 

P R'ljC'© C^ <P(.'Sl I O, P CTT^ <pR I 

gfsjfBf; 'oi^Jilw ZPOB = 1*^ 

'oiNi^l ^lf^, t<pl(.*il ■^’1^ G<ptti'^ C^®f ^'aolc’l^ i 

m AB ZAOB 

m PB~APOB 

^ s r 

?t, -= — 

7* (£]^^ 



.•. s = rO (SlUlFi'®) 


c^stPRr 1^ 'Q wI^iiH (^k) ’iRwic'k ^pp|¥ 
£tf^^ 8 C«tC^ '0)l>j«ll 
2 

1 wRj^IH = - 

TT 

2 

'51^, 1^= = - I [1 = 1^ 

TT 


.-. 1 

90- = (f)“ 

■■■*°=(il))'^‘‘ = 








^«ci?nr, RiwKiPiI^i) 


S|t%®r1° = f—V <£(^^ P 

viso/ 


(i) 90° = 1 = I 

180° = 2 ^TSJt^er = TT wR>?1 H = 7r°. 

(m) 'G ^'iln D° '0 i?° ^0®! 


D° = iDx 


Dx — ^R 
180 

^ D R 


«il(.eil&il cstw 'Q Pl^Tlt 

® = (iIo)“ 

(m) 180°= (l80x ^)' = 7r° 

{vii) 360° = (^360 x = (27r)° 

V 180/ 

sr€l^ (c) ^ I st#^ ^ 

c^) 

1° = 30° = 45° = J, 60° = 90° = 180° = TT, 360° = 27r 1 

1° = = 0.01745'= (®im ^ ^ “"l^) 

( 180\ ° 

— J = 57.29578° (®(m ’# Ti*l1w ^ ’#^) = 57°17'44.81". 

^(.i£l TT '5JH 3.1416 <U<1^I^ <P^I I 



Swws *lPl^ 

<5^^: Rcm ^i^PI]t¥ TT 'SfR '51^ (tt = 3.1416) 

■'#^ ■^Fi^ ^ I TT 'S'^ ■sift ^!R*l3t 'sTFr' 


^Sfl^ «. ^) 30°12'36" C^ wR>TI1W ^ i ’*() ^ C^ f^, W{S <3 

S|^l*t ^<1 I 

^FlFlFT: 


^) 30°12'36" = 30° 12— =30° 12- = 30 


5 X 60 


^x^C^[vl° = ^] 
100 180 ^ 180^ 


302l7r 

18000 


= .5273 wR>TIH (£tm) 


.-. 30°12'36" = .5273° (m) 

... 37r Sn 180 _ /180 

13 13 TT \ TT 

= — = 41°32'18 • 46". 


.-. — = 41° 32' 18 • 46" 

13 

^l^«t 8, <ir^ Ql'gC'Stfl 3:4:5, "SIFT ■^7 

^*jhh: C<1>H 3a:°, 4a:° 'Q 5a;°, 

SFflW, 3x° + 43:° + 5x° = 7r° [^I^CSRT ^ 2 = 7r°] 

12x° = 7r° 

^ tt 

^,x = - 

.•. wH l^'lfS ^«||<gs(,»i 


33:° = 


43:° = 







'STORT v. 


5rE‘= = 


■srPT: - 'S — 

^ 4 3 12 


<t. 1.75 


^ CTC® 40 <ll5l I 01^1*1 <P'®? 


^PlT*}H: *d%, '^lW< r i 

.-. ■51^ = Inr 1^ [tt = 3.1416] 

Wtf^, l>|<i|Il> ii|<p*qh ^ ^5TsrI^ I 

.•. 40 &l<pir>tl will vs)f^^|io = 40 X 27rr 1^. = SOTrr 

2t?|W, SOTrr = 1750 [11%.1^. = 1000 1^] 

1750 

SOtt 80 X 3.1416 

= 6.963 1^ (2tm) I 

.-. '51^ 6.963 (£ft?r) I 

^l^«t '^K 6440 I irm 'S C^C® 2° 

T>W 'Q SflVH^fRRr tpr? I 

= r = 64401^.1^. 

_c _ 

0 = 2° = 2 X - = — I 

^ 180 90 

.’. s = = lil4l 'G =r6 = 6440 x ^ ^.1^. 


= 224.81%.R (sUrr) 

Rt'-f'S) 224.8(2tt?r) i 

^*71^*1. <ui>ii< 7 c^T.f^. I 11 (Tf.R ^ 

■^l 

'5niT*(H: ABC OB = 7 OT.R ^ m AB = 11 (Tf.R i AB 

c^*t^ e ■^5^ ■^i 







'srlR, s = r9 

^ . s 11 

0 = - = ——^ 

r 7 C5T.m. 

= 1.57 (£tt?r) 


1.57 im) I 


A 



wik'SlH br-. •Jll^(.<P(.'l 'TOB ^'qI<pI<i 10 (.•^(.<P(,'® ^srf^grsf -^sc^ i -Jif^ 

28° ^ ^ 180'5^, W 

I 


•^»lNh: ABC ^(.'8«i B C^IC^ <pw 10 (.-^W'® ’tC?! 'iRfw A 

R'^c's I 

^51^ AB m C^ /^AOB = 28° 

OB = = — 1^ = 901^ 

2 

*#, m AS = s 1^ 

«frsraT ■®rif^, 

s = r6 

= 90 X 28 X RiJh 
180 

= Utt 

= 14 X 3.1416 1^ (sun) 

= 43.98 1^ (Stin) 

.-. 1^/C3ll?qs^ = 4.398 = 4.4 f^/(7IC^ 

(sftrr) 

4.41^/(?n:^ (£tt?r) 

SiKflH i, 540 R>(.«ilRi5l<i ijisr R*»i(.® G'9»l(.“il 7' C^^tcf I <1 I^|\bR<^ 

Sto®! <p<i I 








V. 


AB <114-1^115^1 <11*Tf^ A C«t?:^ 540 f%,R ^ 0 <11^J^ 7' 

'^sc?r I 

'oKc®! AO — r— ^}hl*1 = 5401%.1^. 

ZAOB = 7' = (—\ = ——— I 

VeOy/ 60x180 

<1KI(.^11 Sd&vdI fs ■pt^ = s 1%.1^. 



= 540 l%.f^. 


^5[tsraT 'sflf^, 


s — rO — 540 X ———— 1 %. 1 ^. 

60 X 180 


7 X 3.1416 


^.1^. (£tm) 


20 

= 1.1 (sn?) 

.•. ^ki'»I15«i vSi»\iii 1.11%.!^. (sttn) 1100 (£rt?r) I 


b'.i 


<pj|oT^(.«1lJ<| <P(,<I fics^'S '’TSRJf’ti^Tl^ 1^*1% I '3TSp^ G’*PW1 TT >41^ -oil'llS| i|M 

t?l5l <u<irI$i ^5^ (tt = 3.1416). 

i. wllbillW £W«f 

(i) 75°30' (a) 55°54'53" (in) 33°22'11" 


-*() st^sM '^: 

(i) — 

13 


(u) 1.3177 C^llR (in) 0.9759 wHbllH 


g<pHg<p <)|u^eq<p -a TRIG'S D° '8 BP st^M rg®i, sfsiH 

^5^ (R, - = — I 

180 TT 

«. (41^ 31^ 21^ 3 ot.R "siH 'm Ti»tlw ^ 





^'bo 


8. ’llf^ -51^ ^ 0.84 '51^ Sl1% 6 ^ ’^i ’llf®f^ 

’jf^>(.<i’t I 

(t. fi'Sjt'stii %>#?r 2:5:3 '5]^ ^'s*) 'S "SlW 

■^? 


fargcsf? c^n«ft!?iT oaf^ «fi'^ c^n*# 1tt®f' 

'*jf«lft^ 6440 1%.1^. I 'BW '8 'B^SlTsr ^jf^lfl^ 5° C^ I 'BW 'Q 

'W? 

\r. 6440 ^.1^. I c5^s5Tt¥ 'Q c®#rat ’Jt«l% c^sc® lO^e'S" C^«f 

I c5<p*il<p '8 C^^lsRIt? "51*0^ '^7 

h. '>ii^t4w K® ’W 11 (.'>i(,<f>(.<b ■^’T '6iR>si>ii -^1 ^ 

'Bf’lt^ c<pc.et 30° CT^tef ^<> 1 ^ ^C'Qil 201 RlJlil '5^, 'OW ’‘IICRCIil 

WS7 


io. <5^% 6440 %.R I (?I ’«IH 32" C^«f ^ 

'olO't^l '^5^5? 

'>1^I®1 9 : 30 T5t?I N^l<l '8 ^p'5^ c.<p|’'l(.<P (.sf«ilk»l S^wf 

360° 

WI ^ - = 6° C^ WI 9 : 30 ^ 

60 


^15 + 2^^ ^ 17^ 


'?]% ^'al'‘pl5i 6 1^.1^. W(.’t OTtC® 36 (.'^(.'‘PC® C*l ^'sol^ 'oil®^*i ■‘PW 

^ C^m 60° I ^ I 

ivs. 750 R»(.eilf^i5l<i (.<pI(.*sI 8' i ®k>®I 


QiwUf^ro-^p (Trigonometric Ratios) 

iilt 2NI?! ij;»lt4>k«'l5l (^m taR^«lf^f%^ (sine, cosine, 

tangent, secant, cosecant, cotangent) 'ail(.®ilt>*il i 

'S[^*l^53i^^ ^*iK5T WWlWl QlWl<-lf»lR>4» '5[^<17©3i^ 1^‘fel^ C#^®! 'S|IWlt>»ll 

<p<il R(.<i I ^5[^<i|vo'»i^o^'{i ^i<ihR<p RR>si t>'8®k^ 1% OT ■»i'H(.<p 

■^iNlt "^i Ri(.<q5HRR)<p 3T?a5l^ 'oi(.®n «ftl^ (WTit '^i 





^11?^ ^ >i41^i^viH 'sni??^ ^R^rfMi'Q ixit ws:c»t «ps^ i 


(^) ■^■iiwIc.H^) ti£i(.<pl''lRI^<p '«>(iHI'®'^\?. (Trigonometric Ratios of Acute Angles): 


lai^ AOPQ RwhI ^i AOPQ 
ifl ZOQP I ZPOQ OP Ql’sCSt*! 

(hypotenuse), OQ ^ (adjacent side), PQ 
^ (opposite side) ZPOQ = 0 (^;«R:^'f) i OPQ 
»is<c<p|% Qi'sc'st J3r«ic<pl®t 0 

(sine, cosine, tangent, secant, cosecant, 
cotangent) Rwte'olw ^'salRi'o ■^: 


P 




cosecfl = —— 


OP <at^ 

cos0-°<^- ^ 

PQ 


sec0 = = 

vsnf^\g\Sf 

OP 

OQ 


PQ ^ 
tany = = —s 

cot0 = ^ = 


OQ ^ 

PQ 



io, 

I 


‘i|<pn5 ■>i»<c,<pl^ fia'jcsf^i tan0 = 3 '®i*u' 


^rsiWH: *jf^, ABC lii'SjBf (?N1^!T 'oif^'Sj'st = AC, = AB, ^ = BC 

ZBAC = 0 


OTQHT tan0 = 3 


■^, tan0 = 


e>J^ 


3 

1 


.-. ^ BC = 3 AB = 1 I 


'oiRj'S'st AC = \/AB^ + BC^ = VP + 32 = v/TO 
.•. 'SRJ fiflG'spHRf^^P 


sin0 = 




3 

VIo 


'oif^'jj'sr 
cosec0 = ^— 


Sdovs-si #1^, w-io^r 0 ^ 


VTO 


c 



3 
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cos9 = 


'oiRj'Sjst 


.ece = ?5? = ^ = V® 
^ 1 


„ ^ 1 
cote = ^ = - 
^ 3 

'®W%r: c«i(.?,'8 C^tM iSI"^ 5||c<p»il ;£|'^ sine, cosine, tangent, secant, 

cosecant, cotangent (.*?l(.ii ^ i 


'^st'Sf: ABC li'gst sin0 = i 


sine0 = sin0, cosine^ = cos0, tangent^ = tan0. 


secant^ = sec9, cosecant^ = cosecO, cotangent^ = cot0 


(’«f) t*lt4>IWl W (fit ^?C*f 'STl^ t»H<i|Wl C^5li?t^ 

TSmU I<f|(.<p|®lf^f^^ <P<1<1 I OT 'OlNIci^l C^5fe|f5^ £lfw 

(standard position) ^ i >ji|'oW 4^R*<i (Sti:^ ^5r<K »HtW 

^ ^ c^=tt^ ^siw^T '5 iM' ’ftsuT '^mi I e 


6 RRv "SJC*!! *^I<PC<1 


^1 


■SR?? wr X'OX x-^, Y'OY C^ y-^ O ^ i 

#1[ OA *HlW x-W 'sHK OX ^ ^ 

(anticlockwise) '^13' OA 'SR’^ltOT 9 C^^tef «?«(,?. (Rto<i 1 m) i 











ox 6 (initial side) OA (terminal side) ^®IT i 

OA 2tlf^5^ '^1^ O P(x, y) I 'ffliRC®! OX ^ 

j/, OY '5'^ ^ X YOQP •^*J(.<p|®f f&iq) I 

•^'0<ll? ^ 'qf^'Sjsr \OP\ = r = yjx"^ -\-y^ I CT (.<Pl(.*ll Q 

1<1'5 '®fiU Ql(,<p|>*lf^Fs<p ^'*11^531^ '55^; 


sin0 = 


COS0 = 


'6|R)'5J'St 


^ y 

tan0 = = - 

^ X 


sec0 = 


vail^vgjer 


[x^^O] 


[x^O] 


cosec0 = 


[ 2 / 7 ^ 0 ] 


cot0 = § = - [y 7^ 0] 

i: P <£\-^Ol¥i^ r = \OP\ > 0 sinfl 'Q cos(9 Wl^ 1 

OA sill^<p x-'oic‘*pa y = 0 ^ <i(.«i c<plc®t?^ 'ST'W cosecO 'Q cot0 

i^r^ealRi'o 3i?r I 

' 0 |^'g^’l'»l(.<l, OA 2|ll^^ ^1^ y-' 0 |C,'sp<| X = 0 ^ 'a^’l (.^ICHa 'St»U secO '8 

tan0 ^t'sslRi'® 3it 1 

®I^%f gURo^ OA aT ^’1?' P{x,y) 1^ '5RJ wlwl Pi{xi^yi) 
(Rtt>ii f53f 'Q T5tW^ Bia) I P{x, y) 'Q Pi{xi, j/i) x-'oit'*pa PM 'S 

FiMi ^ ^ I AOPM AOFiMi ^ 1 


Pi{xy 

P{x^ 


X' MiM 


X' O 


MMi X 


v(x,y) 

P}^i,yi) 
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K = M = 12 ^ =::: 

\yi\ |OAI n 

OP = r, OPi = ri, X 'Q Xi '^1'^ y yi i 


, ^ _ y__ 

= — ^sr<K, 

X Xi 


y ^ 

yi 

" Xi yi 

ri 

r Vi 


r 

n 

^'®?llv sin^ = 

y _ ^ 





r Ti 





COS0 = 

X Xi 

tanO -- 

- y . 

- yi 



r Vi 


X 

Xi 



Pi'^l*®: fisic.^pUPil^'P 'oi^'^|vo'»i^cR'g ail*i £ilPs<p OA P 

I 

O: 0 2|f^ ^ ^siM" 

srrf^ ^ OA st«m b^'olc^'t >ii^e = ZXOA 
(’ttc’^f^) I OA"^!^ p(x,j/) ^ p 

csti:^ ox PM ^ c&cJT c<i«ir ^ (?r, om = x, 

PM = y liR? OP = r '^4^'ol '0|lt®ll6*lR (^) 'Q (**[) 

C^IC^ 6 (.<plcH<l ^5j^''t^®^c«lR >^1^ '5)1^ ^ I 

(sf) 12iwl*lRl«*q> ^‘»ll'®»ic,«il<l ^RHR<p 1^C^T®rt^fw ^■^I's^i^c^fi ^s:®t c«tc^ 

'srfsraT ®T*p “vR CT, 

. ^ ^ ^ 1 1 

sin0 = -. cosecO = _ = ^ 

TSrf^^ ^ sin0 

.•. sin0 = —^—- '5'^ cosecO = ^— 
cosecff sinp 






1 

cosd 







1 




cosO — 


^ lil'^ secO — —r 
sec0 COS0 


tan6l = 


cot6> = 


cot9 tan0 

^^'*11^5 ^Tsgsl^ •^t^'sr 'o(c.'»ih^ (Identities): 

(i) sin^ff + cos^ff = 1 

gfsiH: cstw ^itsrat c#, 


COS0 = 


'oiFs'SP'st 
^ _ 


sin0 = 


X 

r 

y 

r 


+ 3/^ 



.■.sm^e + cos'^e='^ + ^ 

/j^. 

.•. sin^0 + cos^0 = 1 (£|>||F1^) I 
(i) ^ csti;^ ^5imr ’fl^, sin^^ = 1 - cos^e cos'^e = 1 - sin^e 

2rsiT«t "Jit?! <?r, 

(ii) 1 + tan^0 = sec^0 sec^0 — 1 = tan^0 
{Hi) 1 + cot^0 = cosec^O cosec^0 — 1 = cot^0 


sfsfW <p<i (?I, (f&wi5i ■’iIrIc.*!)) 


■^) sec^0 - tan^0 = 1 

'*!) cosec^0 - cot^0 = 1 



fkar 4lc'«^^i ’®5ic^ x'OX Y'OY '5W?r 
^ -51^ ^^ 5 ^ (Quadrant) XOY (i^ 

■5^5^), YOX' (^?IF5^), X'OY' (oTT'S^g^) 
Y'OX (8< ■5^8^) I 

«!# w«tH OX C*!IC^ ■#ir OA, ■sifw 
f^(.<P ^40*151 *P(.®1 OA 1^1'^ Sill^<p 

■^>C5 C^ef I ?f% 

OA t*lt<>IWl P{x,y) ^i 

\OP\ = r. Sfl^ OA ^ P 
O'g'olc^ ' 0 |^'«<||c,»l'{| ■^rost X 'Q y ’1R<5'o*3 

^ r wm *HlW «I1^ I 





S«>V 2><7 


OA sWsf D'j'oic.’t X y *HlW i 2f«r*f D^'olc’t ’’T^ 

Ql(,«5»l‘if^f®<p ^<11^ <lN<p I OA '*r<PT R'ol?) &v5'»i(,’t «I1C^ ’f'llw 

^ C^ y sprlw I sin ^sm6> = cosec ^cosec0 = ^ 

*lll'9l«P I '0ID'>1«1 ^®ttw I ‘il<PR'»l(.«5 ^€t?r l>'g'»i(.’t P ^ X 'S 

1 /tan [ tan(9 = ^ = ^ ] <3 cot (cote = — = - ) 

V -X xj V -y yJ 

Wti ^’Il^>|5i4- tHtW I OA F1^ ^ X »HlW C^ 

y ^ cos ^cos6l = 'A^K sec ^secfii = <£!^i ^RPR 


(.<ic<plc*il y cosec ^cosec0 = 

cot (cotO = ^^\88|Riv© ^ I 


C<iwlC'il X '5JH I sec ^sec0 = 

tan ^tan0 = -^ ^v^aalRi^ ^ i sin ^sin0 = “) cos ^cos0 = - j 
P 'oi<i’^lc»i^ '5f^\ss|Rivs <Si^^ <il'^<i ^R I 

^Ic«iImR ^Rfs*f Rc^j<i C^1c*il ^c«il I c^c<p1w 1 2ftf%^ 

^#0 ^ Qic<pHPiI^<p 



jt 






G5lf^ •>i'iHc<P 'oiIwIdiI Wt <iw(.s?. i ’siT^rat 

w(.<p|(.*ii <piic<ii I 

c^1c«|? 8 |tt|^ (standard Position): WT ^ ^ O C« *HlW x-^TO^ 

^nfw *it?r 'si'*p*i wWliJ^i siRv® 'oi<i'^h ’ftsTt i 

9 «t<MWl I 211^ W«ltI?T P{x,y) 

OP = r(> 0) I 9 

sine ^’ 1 ^ 0 , sin 0 = - 

^ X ^ 

cosine cos 0 = - f '' 

tangent tan 0 = - pn*PT x y^O] 

coea„ge„t^,coW=^ [^.^01 
secant sec9 = - pr*t^ x j^O] o ^ 

X ^ 

cosecant cosec 0 = - pT’K y 7 ^ 0 ] 

y 

<?r, OZ 'Q^ P{x, y), P'(x', y') ^ ^ Y 

(?l^ OP = r(> 0), OP' = r'(> 0); x, x' -yiji.V"' 

y, y' I wr AOPM 'Q AOP'M' \ 

*fl^ I 

V V I "N \ 

wr 9 -siH oz p 

'oi<iHI(.*Hii R’®'a ^ I 

9 AOPM l3ffCSf aiFo'get 

OP = r, -'if^R'oOM = x,^^\^'^PM = y. 

Sin0 = - = -- V / 

r ' 6 |R)^et JX 

„ X _ y\^ V . 

= O ' “ ^ 

,an9 = j'= g^ .»B#l 

✓» 

^ I«I«<P '5T?Pt 'Q G£lf^ 



SiSOVSf? 5//^ 






■7f?^ iff^i 


0° <ir^ 90° wic,H« 0° c^*ra" c^c5 '^'^fhrsiH ox 'Q’l^ i 

P{x, 0) 1 ^'^? r = OP — X. 'o)'si£f^, 

y 0 

sin0° = ^ = 0 

r r 

X X 

cos0° ----- 1 

r X 

90° cwror c^'S’t^ i p(o,2/) 

r = OP = y. 

sin90° = ^ ^ = 1 

r y 

cos90° = - = - = 0 

r r 

'^m\ cstt^ cii^ '^, (:tit<Mwl e c^tm ^ 

siwlerj I 


i. sin^O + cos^O = 1 


SfsjH: sin0 = -, cos9 = —, r^ = x^ + y^ 

r r 

■ rf«+cos^e = f!±i^ = !f = i 


A. tsoB 


sin0 

COS0 


, cotO 


COS0 

sin9 


sec0 = 


1 

COS0’ 


cosecO = —- 
sinp 


(?r«l1C^ ^^'aalRi'o I 



'll. ^’tC?ra' 1K3I St^t^ R(.<n>'ll OT*IT ^ OT 





^* 01 ^ br. 


n , I 


11 

sin, cosec 

1 

*Rl^ 

*Ri^ 

III 

IV 

tan, cot 

cos, sec 

^•iN<P 





8. |sin^| < 1, |cos0| < 1 

sfsit*t: sin ^0 + cos ^0 = 1 
sin^0 < 1, cos^0 < 1 

Isine*! < 1, |cos(9| < 1 

0 RI«*l ^FIJ sin^, COS0 '3'^ tar\9 '^1'^ "SIH 



0° 

J = 30° 

6 

y = 45° 

4 

J = 60° 

J = 90° 

2 

sin0 

0 

1 

2 

1 

Vl 

V3 

2 

1 

COS0 

1 

^3 

2 

1 

Vi 

1 

2 

0 

tan0 

0 

1 

1 

V3 

^^'asll^vo 


ii. 6 (o < ^ < I) cos(9 

'siH f^«}^ I 


4 

5 


■ 55 ^, 


•n»(hl*i: RwHhRxp 'o|(.'»i (identities) 1 

^srfsraT '®ttR, sin^0 + cos^O = 1 


■^, sin^0 = 1 — cos^O = 1 




16 _ 25 - 16 
25 


Sw'ss «tf^, W-io?r 








e e bvj'Mic^t TRs^r 

Iic<p|«lRf^<p *HlW I 
.-. sin0 = \ 

1 15 

secO — —- — -r — -: 

cose 4 4 


cosecd = 


sin0 3 3 

5 


-£i^ APOQ f3I^ C5tt^ •^, 

_ sw/'3)I^^«t PQ/OP 

L3.ri(7 = 


^ ^/'i|R>'se'St OQ/OP 


_ sin0 _ 3/5 _ 3 
cos6 4/5 4 

cow = ?? = 3 ^ 

^ ^/®l 

COS0 4/5 4 

^ ^ ^ ^ ^ 3 


if^'Sj'ST OQjOP 
Fs'g'Sf PQ/OP 


„ sm0 ^ cos9 
K.5: tanO = —-, cot6 = —- 
COS0 sin0 

sec^e - tanH = 1 


% tan^0 = sec^9 — 1 = ^- 

.-. tane = ^ 

V 16 4 

cosec^0 - cot^e — 1 
co\?6 = cosec^e - 1 = 
/Te 4 


1=^-1=^ 
16 16 


9 9 


cote = 



p 




3 


A 


0 

4 £ 

> • 


9 3 







w*0m V. liwHPiR) 


■'Sftf^, cos6 = ^ 'sit^^l 

'oii^'5'st 5 

POQ C«ti:^ ’lit, 

PQ = ^JOP^ - OQ^ = V52 - 42 
= V25 - 16 = \/9 = 3 

■ ft = ^ = ^ 

^5rf%^ OP 5 
^ ^ _ PQ _ 3 

^ ^ OQ 4 


sec0 = 


cosec0 = 


cot6 = 


_ OP _ 5 
^ ~ OQ ~ 4 

_ _ OP _ 5 

“ m ~^~3 

^ _ OQ _ 4 
^ “ 3 



F 



‘s/ 

3 


A 


0 

4 c 

) ’ 


^Isf: 9 < 6 < tA tanO = — - ^c®!, ^’I^ 

\ ^ / Zi 

Qi'sj'Sf liR? taic^eif^f^ 'o)(,'»ti 'ii?' ^kl(,*ij I 


cos^ 

'Sra' 'srt^ I 


4 . „ 12 ^ _ I ,.,_ tanP - tsnA 

-, sinP = — A '8 B '^'«ic<pK rc.®i---- 

5 13 ^ 1 + tanP-tan^ 


__ 4 

^TS|t*lK: WQUT cosA = - 

5 

'!))l»)«l '®flf^, sin^A + cos^A =1 Y 









12 

sin 5 = — 

13 

cosB — -v/l - sin^fi = \/l - 


cosB = — 

„ sinB 12/13 12 


169 V 169 


12 3 


tanB-tanA _ 5_^ 

1 + tanB ■ tanA 1 . 1? ^ 

5 ’4 

48 - 15 33 

^ 20 ^ 20 ^ ^ 

36 20 + 36 56 

^ ^ 20 

tan5 - tanyl _ 33 
■ ■ 1 + tan5 • tanA 56 

iO. -srlsT sin^ J + cos^y + tan^J + cot^ J 

6 4 3 2 

'’TS|T*)K: 'oiN^il ^Sflf^ sin— = -, cos— = —;=, tan— = \/3 cot— = 0 

6 2’ 4 v^’ 3 2 

,o7r 9 ^ 9 ^ (9^ 

.•. sin'^- + cos'*— + tan'*- + cor— 



F 



yy 

12 



_k 

0 

5 e 


+ (v^)%(0)2 


1 1 „ o 3 

“4 + 2+^-^4 


sin^—cos^ — + tan^—sec^ —h cot^—cosec^ — i 

4 3 6 3 3 4 

. oTT , TT TT gTT . 9 TT . TT TT 97r 

sin - + sin—cos- + cos'*- sin — — sin—cos— + cos'*— 

>80 3ra»f _3_3_3_3__3_3_3_3_ 

Sin— + cos— sin- - cos— 

3 3 3 3 


i 8 . 7 sin^^ + 3 cos 20 = 4 sTsiM W CT, tanl 9 = ±- 






'srscmir, RiwmPiRi 

OTQirf ^11^5, 7sin^0 + 3cos^0 = 4 
■^, 7sin^0 + 3(1 — sin^0) = 4 [•.• sin^0 + cos^0 = 1] 

7sin^0 + 3 — 3sin^0 = 4 =^>- 4sin^0 = 1 => sin^0 


cos^O — 1 - sin^0 = 1 - T = T 

A A 


:. tan 20 = 


sm^e 

cos^6 


1 

4^1 

3 3 

4 


.-. tme = ± 4 = (£mf«t«) I 
v3 

i(t. 15cos 20 + 2sin6' = 7‘fl^-^<6><J^ cot0 "siH ^ i 

■’i^lT’ilH: WTIT 15cos^0 + 2sm0 = 7 

15(1 — sin^0) + 2sin0 = 7 [•.' sin^0 + cos^O = 1] 

■^, 15 — 15sin^0 + 2sm6 = 7 15sin^0 — 2sin^ — 8 = 0 

15sin^0 — 12sin0 + lOsin0 — 8 = 0 ==^ (3sin0 + 2)(5sin0 — 4) = 0 

2 4 

.-. sin0 = -- '^, sin0 = - 

cS 0 

sin^ ’srpTI -- <e<- 

2 2 

v/5 


sin0 = —^ cos6 = Vl — sin^0 ^ 

sin0 = ^ cosO = \/l — sin^0 = \/l — ^ = 
5 V 25 


4 

9 3 

3 
5 


.-. cotO — 


COS 0 Q Vb ^ 2 , 

^ = ^ = -^[Wsm« = --] 


cotO = = T = T = 7 ] 

sin0 44 5 


2 4 







i'J#. A=-'QB = -^ CT, 

3 6 

■^) sm(A + B) = sin^cosS + cosAsinB 
,v . . tanA — tanB 


'^r) tan{A-B) = 




1 + tanAtanB 


■^) ^■'1^ = sin(j4 + B) = sin(^ + ^) = sin^ = 1 

3 6 2 

TT TT TT 7 

\5R'*1^ = sirL(4cosB + cos^sin^ = sin—cos— + cos—sin- 

11-3 1_ 

~ ~2 ^^2'2~4^4~ 

(£rs#t«) I 

'St) = tan(A — B) = tan(^ ~ ^) = 

3 6 6 1/3 

= tanA-tang ^ tan--tan- 

1 + tanAtang 1 + tan-tan- 

3 6 

'^~7i V 1 1 

l + \/3-^ \/3 2 

\/3 

• (gjillPlVi) I 


A = ^'Sg = ^i£l'^ ^FIT ^sros^i 
3 6 

sin(A — g) = sinAcosg — cosAsing 
'*t) cos (A + g) = cosAcosg — sinAsing 

’i) cos(A — g) = cosAcosg + sinAsing 
„ „ 2tang 


tan2g = 


1 - tan^g 


£|^H 













V, 


TT .v TT TT TT 

cos- ’n) tan— + tan- • tan- 

_4_ 4 6 3 

COS- + sin- 

COS0 — <il'^ TT < 0 < — tan0 <i|'^ sin0 "STRi 

5 2 

2 TT _ _ 

'S. sinA = —= — < A < TT '3'^ cosA '5'^ tanA liR "SIH ■^? 

Vs 2 

8. OTQTTf cosA = - ‘flA? cosA 'Q sinA I sinA '8 tanA 'S|R 


(t. WTIT tanA = ~ ^2 tanA 8 cosA 
■sjR ■^i 

'h. srsTK 


tanA + cotA = secAcosecA 
11 +cose ^ 


I — cose 

II - sinA 


= cosec0 + cot0 = 


I sece +1 
sec0 — 1 


= secA - tanA 


I sinA 'Q cosA liR 


V 1 + sinA 

sec'^e - sec^e = tan ‘‘0 + tan ^0 

®) (sece - cose)(cosece - sin0)(tan0 + cot0) = 1 

. tanff + sece - 1 . . , . 

7 - 7 —- = tan 0 + sec 0 

tan0 — sece + 1 

* 1 . ^ cosecA = y a> b > 0, SRH CT, tanA = 


br. ^ COS0 — sin0 = V^sin0 (R^ThS OT, cos0 + sin0 = v^cos0 

. ^ ^ X . __ xsin0 + ycose „ ^ __ 

&. tan0 = -, X Vv -;;-;; ^ ^' 

y xsine — ycose 


io. tan0 + sec0 = x C^rstt^ (R, sin0 = 


— \ 
x"^ + 1 


ii. acosO — 6sin0 = c sRR (R, asin0 + hcose = +Va^ + \^ — 
RR 

V ,o7r o'^ iO^ 

sin — + cos^— + tan^— + cot^— 

6 4 3 6 

.V rt TT , o TT 1 rt TT 1 rt TT 

3tan^— - sin^-cot^—h -sec^— 

4 3 2 6 3 4 







’t) tan2^ 
4 


Sin — tan^—tan^—cos 
3 6 3 


2 


TT 

4 




TT TT 

tan- - tan- 
3 6 

1 + tan—tan— 
3 6 


TT TT . VT . TT 

+ COS-COS- + sin-sm- 




-I t O Q O ^ 

1 - Sin - cos^- + cos^— 
_6 y 3 6 

^ . oTT ^ „7r «7r 

1 + sin — cosec^— — cor — 


f . TT 

^sin—tan 


TT 

6 



) 




ftftn ^si»f 'simr ^ ^ I) 

sTsiH 11^1%^ ^'9 ||\!)»i^c 9.'S1 f2ic<pHRR><p 

<£i^ 'Q »iwl«> ■sitW^ C<fQTIt 4^WCS?. I 'silwlMk lilt 

2WC5f '*|f®ff'5r^ {—9) iil^ 'oi^'*il'©''i^R Rw I lil'^ RjFq 

^ - 9, ^ + 9 -K + 9, TT - 6, ^ + 6, ^ - 6, 2tt + 6, 2tt - 9 li)'^ ^+9 'Q ^ ^ 


1^ (?N1i?T n *HlW lil^ 0 < 61 < 

^l<pw I 


ISlUellHl 


(-61) C^stm Qlt4Ml^Ri4> (o < 61 < I): 

■siC^ ^41^1 ><h OA ‘illT ^srtfw '0(<i'MH OX <ifi»<i <p1i5I<i 1^3)is ^(RT SW^T 

ZXOA = 9 lil^ ^ifW 4>ll>N lil'^ ^3^ ^ '5^ o'g'ok’l ZXOA' = -9 
C^ef ^§, 1 ^ f^) I OA ^ P{x, y) i ‘il'«l^ P{x, y) 

1¥i OX i£|^ 'Q^ PN ^ ^ ifl^ PAT ^ OA' Q 

^G?i I 'oKc®i QN OX lira' 'Q^ra ^ I G*lCR'8 P{x, y) R**!?! £t^ i?''8'»Ig^ 

X > 0, y > 0 ON = X, PN = y. 





^*01^ hr. 



</] 

A 

Z’ 

P(x,y) 

% 

o 


N ' 

Q(x,-y) 

*v 


AOPN '8 AOQN lai^SROI? ZPON = ZQON, Z.ONP = Z.ONQ 

ON l^rgcsf^ ^*(1^ I ^^5^ I 

.-. PN = QN OP = OQ. 

Q ' 0 )<]'»ytH D'g'sic^ lil?' I Q Q{x, —y). 

OQN far5C®t^ ON = QN = OQ = 'siFs'S'sr = r (*#) i 

®ll(.'ll&ll '0|l»(«l ’tl^, 

. , ^ QN -y PN . . 

sin(-0) = -^— = — = — = -— = -sin0 


cos(—0) = 


OQ 

^ _ON 
'airo'5'Sr ~ OQ 


OQ r OP 
ON X ON 


= -sin0 


= COS0 


, ,, ■51^ QN -y PN 

tan(-0) = ^ = ;-^— = — = -7^ = -tan0 

^ ^ ON X ON 

cosec(—0) = —cosec0, sec(—0) = secO, cot(—0) = —cot 9 

■sp®^: Wt4lWl C4t«t 6> ^ Stl?11W I 

sin (-^) = -sin (^) . cos (-0 = cos (^) , tan (-J) = -tan (0 , 
cosec (-|) = -cosec (^) . sec (-^) = sec (^) . cot (-^) = -cot Q 


(I - 0 ^ C4H ^ ^ 


IP55|^ 


7r> 

O<0< J 
2 / 


wit'll ^’•fiii»)h <iPii OA 'ok '0)iR OX <i45i<i Iasi'S Rw ’a,^ 

C«I^4 ifl<>^fiiC4 ZXOY = - C4M ^ OY W«lt^ C«t^ ’srf^ 

Zi 

Sd&NS^I ^tf^, i&^-io'5r 





iSb- 


Prc<p ZYOA' = —6 <pw (Pico^ f^) i 


ZXOA' = I + (-0) = I - 0 
OP OQ Ij^ P '8 Q 
C«tC^ OX PM '8 QN 

«fff% I '3'*PT APOM '8 AQOAT 
■'i»((.<p|^ fiil'gBt'^c.iii) ZOMP = ZONQ, 
ZPOM = ZOQN OP = OQ. 

.-. ON = PM QN = OM 
P ^Hl'^ (a;, y) ^(.®l 
OM = X, PM = y 
:. ON = y, QN = X 

:. Q R*^<1 {y, x) 



'sl^C'l ANOQ 'o|l>(5ll ’tl^, 


sin ~ r ~ ~ ~ r ~ 

tan f J - 0 ) = - = cot0 

\2 J y 


cosec 



= sec6, sec 



= cosec0 


cot (^ - 0 ) = tan0 


«>iWtJlr. sta©=™(^-^)=cos^ 

/7r\ /TT 7r\ TT /7r\ /TT 7r\ 

tan (-) = tan (- - -j = col-, see (-j = sec (^ - 4 j = cosec 


»W%f: 6 ^ — 9^ (Complement Angle) i 

sine cosine, tangent cotangent secant 

cosecant 4?r i 

[^ + &) P|WM(j||^4 (^0 < 6> < 

>#, ■#» OA ^ OX ’sifw 1w ’>3T^ gf«l^ 

b^'olC't ZXOA = 0 <ilA? ^ ZAO A' = I W 

f^) I 









^ot^, ZXOA = ZYOA' = e<£i^ ZXOA' = | + ^• 


■siOT OA Pix,y) WWlWl I 

OA' Q iflsH'olW ^ OP ^ Y 


OQ^\ P 'Q CStl?^ PM 'Q 

A* 

■* 



QN ^ 1 

\ 

Q(-y, 



.-. ZNQO = ZYOQ =ZPOM = 9 

\ 

1-B^ 

P(x,y) 

1ai^ APOM '6 AQON ^ ■sii:*U 


0\ 

Xe 

_k. 

ZPOM = ZNQO, ZPMO = ZQNO X'*~ 

N 

0 

M 

OP = OQ = r 



[ 



.-. APOM '3 AQON I Y" 

.-. ON = PM, QN = OM 

P (x, y) R(.®1, ON = —PM = —y QN = OM = x 


.-. Q{-y,x) 


sin (I + 0 ) = ^ = COS0, cos g + 0 ) = ^ 

/TT X X 

tan (— + 01 = — = — = -cot0 
\2 J -y y 

cosec (^ + ^) = S6C0, sec + 9 ^ 



= -sin0 


= —cosecO 


cot (^ + ^) = —tan0 

"sp^: WC4IWI 9 £tI?IlWi 


». sin ) = sin (^ + 0 = cns^ = ^ 

/37r\ /TT 7r\ , TT 1 

cos(^-j=cos(- + j) = -smj = -^ 

( SttN /TT 7r\ TT 1 

— = tan - + — = —cot- = —;= 

6 y V 2 3/ 3 


X 





"SIH I 






ibrO 


OA OX £W5r 

ZXO^ = 6> liR? >5^ 1w ^511^ ZAO A’ = tt C^ 

(fta f^) I ^51^ ZXOA' = (tt + e). 

OA t»IC<Mwl R*<1 P OA' 

Q if|V|'i'»IW 1^ (?R, OP = OQ = r 
^ I P 'Q Q W PM '^QNm 

W^\ 

APOM 'Q AQON "W^ tSTgSfWI^ W 
ZOMP = ZONQ, ZPOM = ZQON X' 

OP = OQ = T. laifsmi I 
.-. PM = QN ^OM = ON 

P (x, y) RW, ON = —x, NQ = —y 

.'. Q R'^i'a (—X, —y) 

7/ 

-sin0 



A 

L 









'P{x,y) 

N _ r\ 

>o_ 

_k. 


jX> 

M 

r 


\ 



„sin(7r + ^) = ^ = -^ = 
T T 


cos(7r + 9 ) 


-cos9, tan(7r + 9) 


Zl 

—X 


—X_ X 

r r 
cosec(7r + 9) = —cosec0 

sec(7r + 9) = —sec9, cot(7r + 9) = cot9 

c<JC‘Pl(.ll C^®f 9 ‘il«r st^*ltW I 


tan0 


A.O. sin ^ ~ (^) ~ 

(i) 


A 

2 


/SvrN 



ItJ 

= COS 1 

["+ 4 ) = 

/77r\ 


/ 7r\ 

tan [ — 

1 = tan 1 

7r+ - = 

6 J 


^ 6/ 


1 

'7^ 


(0 


j_ 


sec 

747r\ 

— 1, cosec 

( Stt^ 

i^T ) 

, cot 

— ] 'SIH ^ 1 

U/ 






{-K-e) 


(“<»<!> 


OA 'srif^ ox c«tc^ <pT5I<) axoa = 

9 "^i ^511^ AXOX' = TT C^ 

OX' c^n:^ '^if^ IP zx'OA' = -e c^ ^ (f^c5^ f^) i 

ZXOA' = TT + (-0) = TT - 0. 

O^P wwlwl ^ OA' 

Q wwh C*H, OP — OQ = r "PI y 

AOMP 'Q AONQ 

W ZOMP = ZONQ, ZPOM = ZQON A '. .A 

(£ 1 ^ OP = OQ = r. J') n-Q^^i^x,y) 

ON = OM, QN = PM. I^^'>?e I 

P 1^ PW8^ {x,y) ^ OM ^ X, X NO M X 

PM = y 

.-. ON = -x,NQ = y X 

.-. Q PRt«^ Q{-x, y) 


^ol^, sin(7r - 9) 


sin0, cos(7r — 9) 


-= — COS0 

r 


tan(7r — 9 ) — — — —- = —tan0 

—X X 

'5(^’1«P, cosec(7r — 9 ) = cosec0 

sec(7r — 9 ) = —sec0, cot(7r — 9 ) = —cot0 

>i*'s<u: (.<iwl(.»il C^sM 9 SPlW I 

«WI sin (I) = sin (>s - ^) = sin (|) = ^ 
cos (^) = cos (» - ^) =-cos Q) =-i 
tan (I) = tan (,r - 0 =-tan Q =-i 


/37r\ 

cosec I 1 > sec 


'£!?■ I 


9 (tt — 9) C^®f >35,1^ P’P I •»i><^'5i<p sine 'S cosecant 

^ 3^5)1^ <3 t<i^ I cosine, secant, tangent 'Q cotangent 'Q 

^ fb^RPtdi 










(0 < 0 < 


= il -' 

= —cos9 

= -cos (1 - 

= —sin0 

= tan — 9 

'j = cot0 

^2 

/ 


^thSTTf '^: 

'‘"(f"^)=*{’'+(i"^)} 

cos(|-e)=cos{,r+g-9)} 

tan(|;-9)=tan{»+(|-e)} 

cosec — “Sec0 

sec - 0^ = —cosec0, cot - 

t*i(.<pl(.»il g<pH 6 'S?r ®r*D s|(,<il'8o i 

(27r-0) (?15W?r PH4'W!^f^4 ^l'4»|5i<%, ^0 < 0 < 

g|f^?TWMf «i<iHI(.l {2-K-6) "5^o'S^lc’f '^l'^ {-9) C^»W?^5TW 

!^(.®l ^ I 's|^ {—9) 'Q (277 — 9) fitl(.<Phlf^Fo'<P ■^»lh I 

.-. sin(27r — 9) = sm(—0) = —sin0, cos(27r — 9) = cos(-0) = cos0 
tan(27r — 9) = tan(—0) = -tan9, cosec(27r — 9) = cosec{-9) = —cosec9 
sec(27r — 9) = sec{—9) = sec9 ‘il'^ cot(27r — 9) = cot{—9) = —cot9 
'sp®^: (.<J(.*q>|{.ll 9 £p?nw I 


9 1 = taoB. 


(277 + 9) 


<9< 


1)^ 


gjl^ ^ 'oi<i'«<llci (277 + 9) sWsi o'g'olc’t «tW?r 9 '8 (277 + 9) 

R(.<l I 

.-. sin(277 + 9) — sin0, cos(277 + 9) — cos9 
tan(277 + 0) = tan0, cosec(277 + 0) = cosec^ 
sec(277 + 9) = sec9, cot(277 + 9) = cot9. 

»!•«<«: (,<1 (,-91011 9 '^l?' iSfJ^ £|WlW I 





«r«ijr5i V. 


o<e< 


^ c^stm ^^ + e = 27r-(^-e 

A ) A \ A 


(|: + «) = sin { 2 ^ - (I - 9 ) } = -sin (I - e) = -cos9 


/ StT ^ \ /TT A 

COS — + y = cos - - 0 

V 2 y \2 / 


+ 0 = —tan ( — - 


= sin0 




-cot0 


cosec = -sec0 

sec = cosec0, cot = —tan0 

Q £fOTtW 1 


WC4IWI C4W? 


nx-±9j C4lC*m 




0 < 61 < 


o<i(,<p|(.ii I3ic4f'if^f^ C4tc®t<r ^^iT '*it?r I 

i. SWCST £tw (.<pH(.<p ^ ■*I1W (£|-^ ^ ’If'tw 

A A 

I C4T«tC4 (nx^±e^ i2l4l»f 4^ ^ i 

‘JT’f '5.. n 'Sl^'^flUo^ *1^ '54^ sine '51^’fl^ sine cosine 

cosine R'ojifli i 

n Rostl's '5T?’?tJT "^CST sine, tangent '8 secant cosine, cotangent 

'8 cosecant (il i i£|<p5.'»Iw, cosine, cotangent '8 cosecant 

sine, tangent '8 secant i 

STM'S. (nx^±0^ C,<Ph o'g'ok’f G-'liJl ethlii ^ i>'g'ok’T Sil'a 'Ol^’ftc^ 

(?I Sft'sT ^ ^ <1'>llC'!> ^ I 

RH<) lil'slltsT -'iIrIwt (.<IC,<pI(.*iI t3[t4T'lf^f^4 <1C.«1 





S«>V5?J 


sin ^ Y + C^R32r n = 9 RcStlvb ^ sin ’ifM^ 

^5?I cos ■ 55 ^ I «)l«il<i, ^ Y + ^ o'j'oic^ «ItC^ '*p^ sin '^1?' *l'il'9|<p 1 

/Qtt \ 

.•. sin f Y + ^ j = COS0 

sin ^ Y “ ^ Y - 0^ ^ ^ «I1^ sin 

.•. sin ^ Y ~ ~ 

tan ^ Y + n = 9 <ic«i tan cot ^ Y + ^ 

D'g'sk’t *?IW?r tan '*|i'’ll'9i<p 1 

( 97r \ 

Y + ^ 1 = -cot0 

( 9yr \ 

—— ^ ) ~ 


sin 




cos (llvr ± 0), 



cot{187r±^), 


cosec (Stt zb 6) 9 C^tC^ £|<PH W 1 


^1^‘t 'SIH ^ I 

■^) sin(107r -f 

IItt 
~6~ 

ITttN 

“ W 

'*i*iMH: 

'^) sin(107r + 0) = sin(20 x ^ + 0) 

n = 20 sin(20 x — + 6) 21 sN^ o'g'alo’t 'oi^qP^ 1 

z 

.'. sin(107r + 6) = sin0 


’t) tan 
^) sec 


- 6 ) 


’«i) cos 


(f) 
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>1) cos = cos (6»+0= cos (12x1 + ^) 

71=12 ^SRf^R^O I 


COS 


/ 197r\ TT 1 
= cos- = - 
\ 3 J 3 2 


X) tan(i^)=tan(2^-^)=tan(4x^-^) 

n = 4 I 

6 


.*. tan 


/ll 7 r\ TT 1 

l-6-j=-“"6=-;i 


^) cot(9-y) =cot{-(^-9)| = -cot(9x|-«) 
lil'SIlCT n = 9 ^ ^ i>'8'»lc’t 'ai<ip^ I 


.'. cot ( 9 


97r 

T 


-(tan0) = —tan0 


, ( 177r\ /ITttN r / ,,n 

®) sec ( —— 1 = sec I 1 [•.• sec(—0) = sec0] 


= sec 


(l7x^+0) 


ITtt 


n = 17 -, y vq<jpRt^ I 

Zi 


.-.sec —— = cosecO, 


(-?)= 


A8. ■siH 

11 1 101 31 5 

sin—TT + cos—TT + sm-—TT + cos —TT + COS-TT 
90 30 90 30 3 

. 11 1 101 31 5 

sin—TT + cos—TT + sm—-TT + cos—TT + COS-TT 

90 30 90 30 3 

.22 6 . 202 186 300 

= sm— -TT + cos— -TT + sm-— TT + cos— -tt + cos—— tt 
180 180 180 180 180 

.22 6 . , 22 , , 6 , 60 - 

= '“Iso’" + “'iso” + + i80”> + ■ i80”> 

TP^rf-^S, 05|f^ 





Sco'Oij 


22 6 22 6 60 

= sin——TT + cos——TT — Sin——TT — cos——TT + COS——TT 
180 180 180 180 180 




« TT „ IStT „ IGtT „ 4771 

COS^— + cos'*-— + COS'*—— + COS'®-— 

15 30 15 30 


tan(9 = — COS0 sl^ W CT, + ^ ^ 

12 sec(-6>) + tane 26 

5 <=s >: 

tanO = cos9 6 1 

tan(9 = 4 = - 

12 X 

.-. X = 12, y = 5 

.-. r = V'(12)2 + (5)2 = ^144 + 25 = = 13 

. . -y 5 . -a; -12 _ , 1 13 

.•. sin0 = — = ——, COS0 = — = —— sec9 = —- = —— 

r 13 r 13 cos^ 12 

, sing + cos(-g) _ sing + cosg _ _ _ 

■ • sec(-g) + tang “ secg + tang ^ ~ ~ 

5 12 17 


13 13 

“12 “^12 


l3 = A 

8 13 8 26 




^*tt^ iJ.'Jj. tang = -v/3, - <g<27r’^g'il'^'siH W? 

Zi 

'^»lhh: tang g R'ol^i u'g'ak’t i 

R'®1o o'g'olc.’t tang = —-\/3 = tan 


•ills ^ I - < g < 271 

z 

tang = -\/3 = tan ^27i ~ 
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I — < 0 < 27r 

/I ^r»-r 27r Stt 

.*. 0 — vQ — 

3 3 

0 < 0 < ^ ^ sin(9 + cosO = \/2 
sin0 + cos0 = \/2 

■^, sin0 = \pi — COS0 sin^0 = 2 - 2-v/2cos0 + cos^O 
1 — cos^9 = 2 — 2^/2cos6 + cos^O 
■^, 2cos^0 — 2\/2cos0 + 1 = 0 (v^cos0 — l)^ = 0 
\/2cos0 —1 = 0 

cos9 = ^ = cosv 
v/2 4 



^PlT*ll5T: 9 = - 
4 

AV. 0 < (9 < 27r sin^e - cos^^ = cos0 

sin^0 — cos^9 = cos9 
1 — cos^9 — cos^9 = cos9 

1 — 2cos^0 — cos9 = 0 => 2cos^0 + cos9 -1 = 0 
■^, (2cos0 — l)(cos0 + 1) = 0 
.-. 2COS0 -1 = 0 cos6> + 1 = 0 
'5I*ifK, cos9 = ^ 'of’W cos9 = —1 

COS9 — COS^ COsO — COSTT 




CTi;^ 0 < 0 < 27r ■srtJT l 



S»V517 




2 (sin0cos0 + \/3) = VScosO + 4sin0 0 < 

9 <2Tr 

V. ,_ , .. . cotO + cosec9 - 1 „ ^/i « 

wil^’SiM '5.i. A = —---—- B = cot9 + cosec0 

cot9 - cosec9 + 1 

^ ^ (?T^ (?f,B = \/3 

O 

gfsiH ^ CT, ^2 _ ^2 ^ 0 

’t) B = —pz 0 < 0 < 27r RG®1 9 <p?i i 


■^) B = cot9 + cosec9 = cot^ + cosec^ [■.■ ^ 

o O O 

-J_^A-A_ /Q 

x/3 

^ _ cot9 + cosec0 — 1 
cot9 — cosec9 + 1 

^ COM + coserf-(cosec^a-cot^^) , ^ 

cot9 - cosec9 + 1 

cot9 + cosec9 — (cosec9 + cot9) (cosec9 — cot9) 
cot9 - cosec9 + 1 

(cot0 + cosec0)(l — cosec0 + cotfl) „ ^ „ 

= ;-- = cot9 + cosec9 = B 

cow — cosec0 + 1 


.-. = B^ 

A'^-B^ = 0 

cot9 + cosec0 = ^ 


COS0 1 _ 1 
sin0 sin0 y/S 


% 3(cos20 + 2COS0 + 1) = sin20 W] 


3cos20 + 6cos0 + 3 = 1- cos‘^9 
4cos20 + 6cos0 + 2 = 0 =+ 2 cos 20 + 3cos0 + 1 = 0 
■^, 2cos20 + 2cos0 + cos9 + 1 = 0 
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ib-s> 


2cos0(cos0 + 1) + l(cos0 + 1) = 0 {cosO + l)(2cos0 + 1) = 0 
.•. COS0 + 1 = 0 ^51^, 2cos0 + 1 = 0 
COsO = — 1 COS0 = — ^ 


'spifk, COS0 = cosTT cosO = cos ~ 

✓ Stt 4:7r 

0 = TT0 = TT »Tr i 

O O 

27r 47r 

1^5# ^^ItsT: 0 = —,— 

3 3 


V.\S 






sinA = —= 


sin 2 A ? 



-300° «I1^ ? 

'*[) %% 


vS. sin0 + COS0 = 1 ■^C^T 0 "STt^ 
(i) 0° Hi) 30° 

'^) i '*!) ii 


«r) 1 

«t) ''fflri 
Hii) 90° 

^) i 'Q ii 


8 . 

(i) tanO = I 

(ii) sin0 = - 

(iii) cos‘^9 = ^ 

2d 

C^sl^# 


V2 


'^) i 'Q iii 



C 


3 





■^) i 'Q n z 'S in ii 'Q iii 

f&c^^ '^ik'nlw ^ 'b sksT^ ■^: 


'^) z, zz 'Q zzz 


(t. sinB + cosC = 
a 

'Js. tan5 ■sfH C^^? 



^ a2-62 

’t) , 

\/a2 — 62 

‘H. 'srt^ '^: 

'^) sinTTT 

^) tan (-?! 

• 31^ 

V sin— 
o 

V. sfsiM (?r, 


a^ —JP' 
0 


.. ± ± /I 

cos— 

, IQtt 

®) cosec 

f 257r 
W) cos I —— 


^ ± wi ±tjyi C7/1 /I 

^ cos— + cos— + cos— + cos— = 0 

,, TT Stt Ttt IItt 
’*() tan—tan—tan—tan—— = 1 
12 12 12 12 


COtllTT 

■ 5 ) sec (—- 


.X .0 /1 ,9 UVl . 9 0 /1 . 9 3 /1 ^ 

sm^- + sin^-- + sin^-— + = 2 

7 14 7 14 

X 7'ir IStt Stt . IItt 

sin^cos—;-cos^ sin—^ = 1 

3 6 3 6 

X . 137r 137r .IItt / SttN 

«) sm—cot-^ - t.n—cos y j = 1 

tane = - aras sin0 sHctrtpp ^ cftsttn OT, ^ 

4 secO + tmO 5 

«». "stH '^: 
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. Qtt Stt . 3l7r . Stt 
cos— + cos— + sin—— sin— 

4 4 36 36 

«h^ ^StT TtT 971 

’*fj cot—cot—cot—cot—cot— 

20 20 20 20 20 

.V t O TT n 3?! n 5?! rt 7?! 

sin - + sin — + sin — + sin— 

4 4 4 4 

n TT n 3?! StT q 7 TT 

COS — + cos — + cos — + cos — 

8 8 8 8 

V • o 1 ^• o f\ 37TT n StT 

sin^—— + sin^-— + cos^—— + cos^-— 
18 8 18 8 


'^) sin20 = 2sin0cos0 = 

1 + tan^O 

cos30 = 4cos^0 - 3cos0 


'«r) sin36l = 3sm6'- 4sin^6' 
2tan0 


£f^ <p(,<i a ('0||<fi<p|) 'sjH ^5^: 


■^) cota = —Vs, — < a < 271 

. . Vs TT 371 

’t) sina = , - < a < ^ 


1 ^ 371 

'*1) cosa = TT < a < ^ 

2 2 2 

cota = —1, 71 < a < 2a 


0 < (9 < -) 

■^) 2cos^0 = 1 + 2sin^0 
6sm^0 — llsin^ + 4 = 0 

®) 2sin^0 + Scosff = 3 

ivs. 0 < 0 < 27 i) 

2sin^0 + 3cos0 = 0 
cot^0 + cosec^0 = 3 
®) sec^0 + tan^0 = ^ 


'*!) 2sin^0 - 3cos0 = 0 
tan0 + cot0 = —^ 


'*() 4(cos^0 + sin0) = 5 
tan^e + cot2(9 = 2 

■ 5 ) 5cosec^0 — 7cot0cosec0 — 2 = 0 


2sinxcosa; = sina; (0 < x < 271 ) 

i8. 6440 I^Wlf»ii3l'!l I TJW 'Q 3.5° ^ 1 

"sn^ ^Pif^ ^ Cfr«tC® ^ l OT 0.84 ^ 

Rtii c’t^r I 

<3^% (?^ T>w 'Q c*«tc^ ^5[f^ ^ wR>?ih c^'f 

<PW? 





n) ^ 2rt%1^ ■5W <j»'s<i5( ipw? 

ie. 



^) fSM ABC ^ <^1^ bl<»l!^«l AB ^ 25 OT.R 0 

lil'^ ■51H W? ol^llu 1 'W Ruh '0|R>^»< <P<1(.<1? 

'*f) ABC 8lf% c->i(.<P(.’tt) 5 'oihf^'o ■ 5 :^ dI'^IIiJu W ^? 

’t) Bm ABOD Rt^s sin0 "sil^ <pw sfsrK (?f, tan0 + sec6 = x 

i'Jj, »|jj(..q>|^ Q|'SJC'8f<l ^^(.bt?) 7 (?i1^ »1<l(.l>(.?l C^ 

15° ^ '0|B)'g(,Bt<i 'W? 


^oiJs> 



